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INTRODUCTION

The area encompassed within the Central and Southern Florida Flood
Control District lies entirely within the State of Florida. From that
circums tance, then, it is obvious that it does not have the interstate
character of perhaps more typical regional water resource management
agencies, sﬁch as the Delaware River Authority. Nevertheless, the area
served by the District's works can be cohsidéred as a region. All, or
parts, of several major watersheds lie within District boundaries. The
full range of land usage from the wilderness of the Everglades to the
urban sprawl of Metropolitan Miami is present. A wide variety of com-
peting interests concérned with water and water-related land use excrt
theirhpressures on management. There is a broad array of local, State
and national governmental agencies which become involved in managemen t
decisions. All of these factors tend to confirm the District as a
regioéa] rather than 3 local management agency. And yet, despite this
at times bewildering physical, political and institutional variety,
there is still a high degree.of socio-economic unity in the area served.
This, too, is a rather necéssary hallmark of regionality.

The Flood Control District is an agency of the State of Florida.

Created by statute in 1949, its function is to serve as the State's
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agent in meeting the local éooPeration requirements set by the
Congress under the several authorizations related to the Central and
Southern Florida Flocd Control Project. Construction, planned and
desfgned by the Corps of Engineers and the District, and supervised
by the Corps, is funded by the national and State governments. Other
'bbligétions are largely discharged through use of funds derived from
an ad valorem tax levied throughout the District's eighteen counties,
although there is some use of monles from the State's general revenue
for certain types of iand acquisitien. Operationland maintenance of
the completed system, with two exceptions, is the responsibility of -
the Flood Control Distrié&. Thése costs, and all other management

costs, are wholly supported by the District-wide ad valorem tax.

DESCRIPTION OF WORKS

The major natural drainage areas within the more than 16,000
square mile District are the Kissimmee River - Lake Okeechobee -
Everglades system, the upper third of the St. Johns River system, and.
the lower east coast drainage. To a large extent fhe works of the
Central and Southern Florida Project have been supérimposed on facil-
fties which had been previously constructed by private interests and
_gqvernmental agencies. Thus, in the Kissimmee River watérshed the
Project expanded upon Hamilton Diston's drainage works of the 1880's;
south of Lake Okeechobee the Project enlarged and reworked the channels
buiit by the Everglades Drainage District in the first quarter of this
centﬁry; and in the east coastal area from Fort Pierce soﬁth various

drainage canals, the majority originally constructed by local drainage



districts, were incorpcrated in and improved by thé Project.

Coming directly as a result of the sevéré wét hurricanes of 1947,
the Central and Southern Florida Project's emphasis was understandably
on flood control. And because of the nature Qf southeast Florida's
topography, flood control necessarily implied major drainage improve-
ments . But the experience of the previous twenty-five years with
programs almost exclusively orientéd to drainage indicated to Project
planners the necessity for providing features which would prevent
cver-drainage and pérmit the capture and storage of some surplus sur-
facé waters. Consequently, even though major Project works were
~grafted onto already existing drainage s?stems, modifications and
additions were made to achlieve certain‘objectives in terms of water
storage and conservation. Hence, certain major features of the
Project such as the development of additional storage capacity in Lake
Okeechobee, the creation of the 1300 square mile Everglades Water Con-
servation aréas, and thé provision of upland storage areas and valley
reservoir-floodways in the upper $t. Johns River Bésin.

Important water conservation objectives, partfcularly from the
standpoint of arresting ovér-drainage, were to be achiéved by the
Qorks of the original comprehensive plan of 1947, authorized in 1948
and 195hk. From the vantage point of hindsight, however, Tt was seen
g few years ago that these works were, at best, in the nature of
mitigating feafures only. They permitted perhaps a '"holding of the
line" at some point between the critical and the disastrous. In posi-

tive terms of provision and delivery of water supplies to meet the
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the Everglades National Park, and a developing recreational demand
they were inadequate. Accordingly, a Projéct réview for water supply
was undertaken and in 1968 the Congress authorized construction of an
$80 million addition to the Project. This water supply plan addresses
itself to the twin problems of capture and storage of additional
quantities of surplﬁs surfacé waters and théir delivery to points of
need, but is limited to that portion of the Project area south and
east of Lake Okeechobes.

As of this date fhe major works of the first authorizations in
the Kissimmee River valley, the Evérgladés‘agricultural'and water con-
servation areas, and thé-lower éast coasf area are completed and ope}-
ational. At many locations in these areas thé District has had as much
as fifteen years of operational experience and at most locations no
less than five years. Work around Lake Okeechobee and its outlets will
be compieted on a schedﬁ]e which will permit it to be regulated at the
higher levels of the original authorization Tn less than two years.
ConStruction in the upper St. Jchns River valley is about 30% completed,
with some facilities already operational. Certain‘eléments of the
"water supply plan' are to.be placed undér contract within the next two

to three years.

THE FUNCTION OF OPERATIONS & MANAGEMENT

Despite the newer concern with water supply, as expressed by the
authorization of the '"water supply plan'', it must be remembered that
the essential framework with which District management must work is a

system designed originally on the basis of flood control considerations.

A system superimposed on carlier drainage-systems, and which has had
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integrated with it various water conservatlion features fn the‘form'
of Yon-line'" reservoirs. This is something which the Ffood Control
District must remember and, as the agency responsible for operation
and management, cannot afford to forget. In'simple terms we have a
physical system the location and form of which was dictated by con-
siderations which were of paramount Importance 50 and 25 years ago.
fhese are still important but they must now share this status with
other considerations which have come to the fore as a result of local,
regional and national social and economic changes. Revisions to the
locatfon and form of the physical system cannot readily-bé made, not
only because of the major investment of public funds the system In ’
being represents, but because of constraints on new construction now
rightfylbeing imposed by environmental considerations. The approach
to the challenge of new values, new needs, new constraints, lies then
in our case, In Opérations and managemént. In short we mﬁst get the
maximum benefitkand thé optimal distribution of benefits out of the
physical system we have. The District is working on the premise that
with intelligent and imaginative operation and management this system
has the capability of satisfying to a high degree the needs of the
region it serves.

Operations, defined herein as the day-to-day manipulation of
discrete quantities of water and management, defined as a longer-range
water use strategy, are aspects of the same function. They are the
end products of the decision-making activity. There have beén no
revolutions affecting the accepted concept of the eiements required
for rational decision-making. Essential information still must be

collected and processed by some means. Alternative choices of action,



if any, must be evaluated in terms of capabilfties and analyzed as

to consequences. Finally, a choice having been made, the decision
must be implemented. No, there have been no revolutions in the logic
of the decision-making function; but advances-have been made in the
development and application of certain tools which can be of immeasur-
qbie assistance to décision makers. More importantly, perhaps, there
has been a conceptual revoiution of sorts in which acceptance is being
~gained for the application of systéms énalysis techniques to water
resource programs.

The District's approach to operation and management of its primary
water control system takes cognizance of.thesé changes. It also takés
cognizance of the fact that we must deal with a physical systém in
being, not with one still on the drawing boards. This approach has
only recently startéd to take on definite shape. Portions of it may,
in the final evént, be discarded, re-worked, modified or deferred for
any number of valid reasons. As discussed herein, howevér, it repre-
sents our current thinking concerning the constitution of an inte-
grated menagement system for making and implementfﬁg operations and
ménagement decisions within a context of increasing and changing water

-

demand.
The approach being taken by the District involves the following:
1. Development and placement into operation of mathematical

models of major discrete elements of the total physical

5ys tem.
2. Research into, and development of, a mechanism for optimizing
srational _and_management _decisions. . .
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3. Development and implementation of a communications and super-

visory control system.



4. Definition of those constraints, operative presently and in
the foreseeable future, which act to limit operational and
management choices.

There-is a good deal of overlap between fhese four areas of major
activity. This, of course, is as it should be since togéther they
sﬁould reflect the desired integrated approach to a solution of the
District's specific operations and management problem. However, they
will be discussed under separate headings in which the tie-ins with
other,activitiés will be indicated.

MATHEMAT!CAL MODELING

The District took its first steps toward déveloping a new appro;ch
to operations when it invéstigated the possibility of adapting mathe-
matical modeling techniques to its system. Nowheré was the flood
control orientation of this system more apparent than in the operation
of Project reservoirs. The numerous lakes of thé upper Kissimmee
Basin,_Lake Okeechobee, thé Everglades Water Conservation Areas, and
the planned upland and valley reservoirs of the St. Johns Valley alt
were, and are, operated on a fixéd seasonal rﬁle chrve. These all
require that a prescribéd amount of flood storage spacé be available
{n each réservoir, each and every year, in the two or threé month
period preceding October 1. This general concept had béen a source
of dissatisfaction to the District's engineers for several years.
Mathematical modeling was seen as a tool which, if properly applied,
would permit a much greater fléxibility in resérvoir opérations and
provide a basis fér rational longer-range management policies, thus
producing a wider range of water-based benefits. Accordingly, in

early 1968 a model development program was initiated in-house. In



short, the District undertook an approach based on thé concept
expressed by John T. Mitchell, Jr., (i) In the context of operations
rules, that "'it is no longer feasible to insure accomplishment of a
specific pQrpose by an inefficient over-desigﬁ or blanketing approach
which might lessen capability to servé cthar purposes.'

The District's efforts in physical system modeling have been
reported by Lalit K. Sinha (2) and by Lalit K. Sinha and Lennart E.
Lindahl (3). The program was undertaken as a piece of research and
devélopment bht, quite frankly, with the expectation of practical
application in the operational sitﬂation in the Kissimmee Basin. An
essential proviso of our decision was that model development would bé
performéd by staff, not by consultants. We aré approximatély six
months behind our initial schedule for operational testing of our first
model. However, this is not deemed to be critical. A great deal of
experience has been gained and a vast fund of knowledge in térms of
hydrologic and hydraulic responses, mathématica] relationships, pro-
~gramming techniques, and computer capabilities, has been amassed. Ve
are conv?ncéd that this tool will work for us and fhat it will have
application in one form or another in other major Project systéms.

OPTIMIZATION OF OPERAT!ONS

The District's first thinking in the area of optimizing opera-
tions was, naturally, closely assocjated with the total concept of
mathematical modeling. A three-pronged research and development ap-
proach was visualized; physical system model, prediction model, and
optimization model. Physical system modeling was attacked first be-
cause of its primary importance and bécause of limitations in staff

capability.



Further thinking in regard to optimization revived an ear]iér
stéff concept which had beén shelved dﬁe to the lack of a suitable
framework within which it cohld be fﬁrther déveloped. Water stored
within the Project area is a free good. [t is delivered to the pri-
mary user, whethér agricultural operator, mﬁnicipality, or Everglades
National Park, at no direct cost to him. Théré is no charge for water
nor is there even a connection fee. The District has the responsibil-
ity for allocation of water, however, and certain physical and insti-
tutional means are avaiTablé for the discﬁarge of this résponsibility.
In considering this allocation problem it had occurred to us that,
even in the absencé of m;}ket control of water use, the economics of
water use could be used as a‘gﬁide for allocation policies and deci-
sions. In other words, water allocation could be optimized to some
extent on the basis of economic factors; that is, the value of water
related to specific use, inclﬁding flood control, in location and
timé."This conbept foun& a home within the framework of an optimiza-
tion, or allocation, model.

Working through the Water Resources Résearch Cénter at thé Uni-
vérsity of Florida, the District in association with the School of
Agricul ture, worked up a résearch program for development of an
economic model of a portion of the Kissimmee Rivér system. A grant
under Section 101 of Pubiic Law 88-379 was made in July, 1969 by the
Office of Water Resources Research. The program is under the direc-
tion of Dr. John Reynolds of the University of Florida. We made

certain, however, that ‘the program was written in such manner as to




require intimate involvement of District staff in all aspects of the
project.

This project has been described by Dr. Reynolds (4}. Briefly,
the work is being undertaken in two phases. The first phase treats a
pqrtion of the upper Kissimmee River Basin as a single basin in order
to develop the basic inter-relationships bétween the various economic
factors and water supply allocation. The second phase will treat the
basin as a series of sub-basins and déve]op the additional complexi-
ties of allocations over space as well as time.

This is a pilot study only, its major purpose being, insofar as
the District is concérnéd; to demonstraté the feasibility, or lack o%
feasibility, of using a programming model to develop longer-range
operational strategies and management policiés. Even if féasibi]ity
for more or less immediate application is not demonstratéd it will
most certainly point up areas of inadequacy of present institutional
means for controlling optimal allocation of the water resourcé. It
therefore répresents a very necessary piece of reséarch required for
a more complete understanding of certain re]ationsﬂips governing
consumptive and non-consﬁmﬁtive use of water.
l Intimately associated with the optimization model is the prédic—
tion model. If the optimization model is to bé used for developing
longer-range strategies and policies, then it would be most useful to
have long-rangé estimates of rainfall within reasonable limits of
confidénce. Some detailed statistical analyses of rainfall have been
made by thé District, as a start on this aspect of the optimization

‘brobiem. ~i1i-is woi particulariy difficult
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models to generate reasonable rainfall records in terms of monthly or
annual amounts. These models are usually based on the mean and the
standard deviation in conjunction with other parameters, all derived
from the historical record. Unfortunately, é]though these methods

provide appropriate totals and an appropriate number of events of any

~given magnitude, they tend to ignore the order in which events occur,

or rather to assume that they occur randomly. This assumption usually
presents no problem when rainfalls are aggregated into totals covering
a considerable period of timé. But, as the time period is reduced, as
is required in operational schémes, thé order in which eventsroccur

becomes an important consideration. We have not yet succeeded in

generating the patterns typical of various storm types on a continuing

basis.

COMMUN I CATIONS AND SUPERVISORY CONTROL

There are some 160 decision-making points within the District's
physi;al system as now planned. Thése are the major water level
control structures, pumping stations, and reservoir outlet structures.
At these locations information such as upstream and downstream stage,
number of gates open, amount of gaté opening, number of pumps running,
and engine RPM's is required for operation decision-making. In addi-
tion to these there are perhabs another 35 locations within the net-
work of channels and reservoirs at which water level information
should be procﬁred in order to permit effective operations decisions
to be made.

At present this type of information, plus rainfall data, is ob-

served by conventional means and reported on a twice-daily basis,
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under non-emergency cénditions, by voice communication on a radio
network. Operations decisions are made at the central headquartérs
and appropriate instructions are relayed back by radio to dispersed
field station sites, each of which Is responsible for physical opera-
tions in a specifically defined area. Incoming 'state of the system'
data as well as oﬁtgoing operations instrhctions are logged on
appropriate forms.

Hydrologic and meteorologic information is currently being
collected mainly for historical purposes and secondarily for analysis
of system design and operation. Both surface and'groﬁﬁdwater s tage
data and rainfall data is collected by means of continuoﬁs recorder;.
This data collection program is desjgn-orientéd rather than operations-
oriented. The information so collected plays no part in the operations
decision-making activity.

Finally, at certain locations along the lower cast coast water
qhality considerations $ay at times dictate a particular operational
decision. Hére, whére salt water intrﬁsion poses a threat to the
groundwater, canal watér salinities are roﬁtinely-monitoréd, reported
and logged by conventional means. Operational decisions concerning
%lushing of these waterways are based on these data together with con-
sidératton of the availability of fresh water for this purpose.

This system for the collection and transmission of information
concerning the state of the physical system, the communication and
impleméntation of operations décisions, and the recording of both in-
coming data and outgoing fnstrﬂctions s cumbersomé. But despite this,

if the District must continue to operate its facilities in the future .
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in the fashion they are now being operated, this system with only
minor modifications will be adeqﬁate. The reason fof this statement
Becomes apparent when it is noted that the system described makes no
mention of processing incoming data, evaluatfng physical system capa-
bilities, examining alternative choices, or determining the conse-
qhenceﬁ of any particular decision. Present operational procedures
ére largely governed by fixed rule. Operations decisions are pre-
determined and consequently there is essentially no choice cther than
that fixed by the date on the calendar. |In these circumstances a
relatively unsophisticated communications network will servé quite
well to operate and manage such a rigidly constrained physical syste&.

However, having made a decision to attempt to achieve greater
operational flekibility through the use of modeling techniques it
Eecame necessary for thé District to ré-evaluate its communications
system. L. E. Lindahl and R. L. Hamrick (5) have discussed the
question of support systems for watershed models and the trade-offs
involved in their paper on "The Potential and Practicality of Water-
shed Models in Operational Water Management.'' Furfher development of
the views expressed in that paper in the context of the Dfstrict's
objective of a real-time model configuration has indicated the need
for a rather sophisticated support system.

A maximum system might involve the collection of data at some 300
sites; the 195 "in system'" sites indicated earlier plus an additional
105 sites distributed over the Project area. Data collected would be
that now collected b? conventional means plus water quality and meteor-

ologic data at selected locations. The system would require a highly
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reliable communications backbone and a real-time process control
computer for data processing, storage and rétriévai and for model
execution. Display capabilities might be required in such a maximum
system and supervisory control, either by opérafor or computer, would
be necessary.

lﬁ line with this general thinking the District has solicited
proposals for a systems analysis the purpose of which is to obtain an
evaluation of its communications and supervisory control réquirements.
The recommendations forthcoming from this study will form the basis
for.a systém which the District would intend to procure and install
within a maximum period of eight years.

DEFINITION OF CONSTRAINTS

Because the District is dealing with an operational and manage-
‘mént problem rather than a design problem, it is obvious that the
first constraint to be considered is that of the physical system of
works.itself. The constraints ekercised by channel, spillway, pumping
station and reservoir capacities are, in oﬁr case, ''given." Béyond
this, since our management objective is to achievé'maximum benefits
from the given system, the District's working premise is that all other
constraints now operative are subject to review, re-evaluatipn and
possible change. An example, of course, is the approach being taken
to achiévg greater flexibility in the reservoir operation rules.

Cénstraints can be generally classified as béing eithér physical
or institutional. For our purposes institutional constraints are
defined as only those which are formalized in the shape of the rules

and regulations of regulatory agencies, the statutes of local State

Th



and national governments, or decisions of the courts. It might be
simpler to define the former as natﬁral constraints and the latter as
man-made, but this would be an over-simpiification and an inaccurate
one. For example, it might be physically possible to store water at

an elevation one foot higher in one of the District's Everglades Water
Conservation Areas. This, howevér, might result In wide-spread and.
major changes in the Everglades environment. Phblic outcry against
such environmental damage might make it impossible to take an action
which would be quite feasible from a physical standpoint alone. This
would then be a ''man-made'' constraint, but it would not be a constraint
ékerciséd as a resb]t of application of é formal rule, regulation or
statuté. By our definition, therefore, it woh1d not be an institutional
constraint.

[n addréssing ourselves to the quéstion of physical constraints,
as broadly defined herein, the problem has appeared to be Iargé]y that
of relating various changes {n water conditions to effecfs on the
environment and in evaluating society's probable perception of, and
response to, thésé environméntal effects. On the Basis of this assess-
ment of the problem the Diétrict has undertaken a number of environ-
5ental studies. Now under way are ''base~line" investigations in Lake
Okeechobee, the St. Johns Rivér Basin, and the Everglades Watér Conser-
vation Areas. Evaluation of the results of these investigations is
ékpécted to inaicate the trend of possible changes in thé environment
ﬁnder varying water conditions. The necessity for continhed monitoring
and surveillance of envjronmenta] changes, if any, will be indicated.

;1towidll-bete-provide a set of operations
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-1t is hoped that the net-resu

15



.

and management guidelines, and to establish limits or constraints,
‘which are related to rationally determined environmental objectives.

The District recognizes that it is just béginning to scratch the
surface in its attempt to define these enviroﬁmental constraints on a
rational rather than either an arbitrary or an emotional basis. A
sfart_has been hade, howevér, and it is our intént to accelerate and
expand our efforts in these activitiés. The District is firmly com-
mitted to a policy of maintaining a high quality environment. It also
fully recognizés that in the present era of concern with environmental
quality the extent to which any water résoﬁrce program can successfully
deliver its water-based bénéfits is almost wholly depéndent on the
manner in which it treats the environment. On the other hand, it must
be recognizéd that in spite of the most strenuous efforts in behalf of
énvironméntal qﬁality, the present impetﬁs of population growth and
the accompanying development in the District area will continue to exert
trémendous pressures in the foreseeable fﬁtﬁré. Somé of the pollution
problems difficb]t to come to grips with aré those related to ;he simple
occupation of the land by large numbers of people in a modern contéxt.
It is not difficult to foresee some véry hard choicés to bé made in the
d15posél of drainage waters contaminated with varioﬁs di5perséd exotics
in periods where water needs are high and watér supplies aré low.

In the area of institutional constraints thé District, as indicated
earlier, has concentrated its efforts to date on developing the méans to
achieve greater flexibility in reservoir operating rules. Aside from
this our principle concern at this time is with the body of law and

doctrine which relates to individual water rights and the authority of
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regulatory districts to allocate water and to contral its use. Nei-~
ther individual rights nor agency authority is clearly or adequately
defined. At some point in time, hopefully in the near future, a clear
and comprehensive water statute must be written. Intelligent and
responsive management requires an understandable body of law. The
_ﬁistrict has not yét addrésséd itself to the problém of réconmending

a State-wide water law. Here we are, in a sense, marking time.
SUMMARY

The particular operations and water management responsibilities
of the District aré by ne means unique. There is no question that -
more complek water management situations obtain in numeroﬁs locations
elsewhere, nor is it bélieved that the approach taken to achieve the
objective of more réSponsive and réSponsib]e management is necessarily
original. However, we believe it to bé of interest in terms of its
development as a specifif response to a particular challenge. There
is a ﬁnifying concept undériying the several facéts of the approach
described herein. The challenge facing the Distriét is that of oper-
ating a static physical system to sérve the dynamic water-based needs
of a 16,000 squaré mile rﬁgion. The concept underlying the District's
_response is the belief that its fixed system can be opérated effect-
ively in a dynamic situation. With this as a premise the several

aspects of the overall approach were logically developed as integrated

elements of a total management system.
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